Flowers of Helichrysum plicatum were extracted under different experimental conditions, and their antioxidant activity was determined by DPPH radical scavenging assay. Extracts obtained with higher concentration of ethyl acetate (90% or 100%) were found to contain the greatest amount of total phenolics (> 250 mg gallic acid equivalents/g of dried extract), and high correlation between total phenolic content and antiradical activity was observed (r = −0.79). Based on the total phenolic content and antiradical activity, some extracts were selected for investigation of cytotoxic activity toward PC3, HeLa and K562 human cancer cell lines in vitro. All tested extracts exhibited moderate activity against HeLa cells (41.9-42.1 μg/mL), whereas the extract obtained with 100% ethyl acetate was the most active against K562 and PC3 cell lines (25.9 and 39.2 μg/mL, respectively). Statistical analysis revealed significant correlation between total phenolic content and cytotoxic activity against PC3 and K562 cells. HPLC identification of phenolic compounds from the extracts indicated the presence of apigenin, naringenin and kaempferol as free aglycones, and glycosides of apigenin, naringenin, quercetin and kaempferol. Among aglycones, kaempferol displayed moderate cytostatic activity against all cell lines (24.8-64.7 μM).
The genus Helichrysum (Asteraceae) comprises approximately 500-600 species [1] . According to the literature data, Helichrysum spp. are used in traditional medicine as a comminuted herb for tea and infusions because of their choleretic and cholagogue activities, and for stimulation of the secretion of gastric juice [2a] . Also, some members of the genus are known for their antiinflammatory and anti-allergic properties [2b] . These activities are mainly attributed to the presence of phenolic compounds [3a-d] . H. plicatum DC is characterized by the presence of apigenin, naringenin, kaempferol, quercetin and luteolin glycosides as well as free apigenin, naringenin and luteolin [3e] . The plant has been used in Serbian and FYR Macedonian folk medicine for treatment of gastric and hepatic disorders [3e] . Moreover, antidiabetic, antioxidant, , and spasmolytic activities [4d] of this species were also reported. There are a few reports regarding cytotoxic activity of some Helichrysum species [4e,f], but no previous studies have been undertaken to investigate the cytotoxic activity of H. plicatum.
Extraction is an important step for the isolation and purification of many bioactive components from a natural product. Flavonoids from H. arenarium have been extracted with 50% ethanol, followed by re-extraction with a mixture of ethyl acetate and ethanol, whereas 70% ethanol was used for extraction and re-extraction of this class of compounds from H. stoechas [2b,5a] . Smirnova et al. [5b] found that 96% ethanol was the best solvent for flavonoid extraction from H. arenarium. However, there is a lack of information regarding the effects of different extraction setups on the quantitative analysis and biological activities of flavones from Helichrysum species.
H. plicatum extracts have been produced using different extraction conditions, such as degree of communution, ethanol (EtOH) concentration used for extraction (40, 50 and 60%, v/v) and solvent system used for re-extraction, and the results obtained in this study will show the most suitable extraction method with regard to the yield, total phenolics and flavone aglycone contents. Subsequently, cytotoxic activity of selected extracts and dominant flavone aglycones against human cervix adenocarcinoma cells (HeLa), PC3 prostate cancer cells and myelogenous leukemia K562 cells was evaluated. Several concentrations of EtOH (40, 50 and 60%, v/v) and different mixtures of EtOAc-EtOH (5:5, 9:1 and 100:0) were used for extraction and re-extraction of H. plicatum flowers, respectively. Moreover, the degree of comminution was also varied. Extraction yield and total phenolic content of each extract are given in Table 1 . It can be seen that sample 9, obtained by re-extraction with EtOAc-EtOH (5:5), gave the highest extraction yield (13.3%), whereas sample 2, re-extracted with EtOAc-EtOH (9:1), had minimum yield (2.5%). In general, a mixture of EtOAc-EtOH (5:5) gave good extraction yields (8.3 to 13.3%) when compared with solvent systems with higher concentrations of EtOAc (2.5 to 8%). Although the highest extraction yield was noticed for sample 9, it contained the lowest amounts of total phenolics (89.6 mg GAE/g), while samples 12 and 13, re-extracted with 100% EtOAc, exhibited the highest total phenolic content (359.8 and 390.1 mg GAE/g, respectively). The data presented in Table 1 indicate that samples re-extracted with EtOAc-EtOH (9:1) also contained large amounts of total phenolics (> 250 mg GAE/g, samples 1-3, 10 and 11). The total phenolic content improved with the increase of EtOAc concentration, and the highest amounts were obtained with 100% EtOAc. These results might provide useful information for the production of high quality Helichrysum extract regarding yield and content of bioactive compounds.
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The ethyl acetate extracts were screened for their possible radical scavenging activity using the DPPH radical. The results shown in Figure 1 indicate that the highest radical scavenging activity was observed in sample 12 with an IC 50 value of 37.2 μg/mL, while the lowest activity was shown by sample 8 with an IC 50 value of 88.6 μg/mL. Tepe et al.
[4b] also reported that the methanol extract of H. plicatum exhibited free radical-scavenging activity, with an IC 50 value of 48.0 μg/mL.
It is well known that plant phenolics are highly effective free radical scavengers and antioxidants, so there is a close correlation between total phenolic content and DPPH radical activity [6a,b] . In the present study, samples with higher level of phenolic compounds (> 250 mg GAE/g) showed better radical scavenging activity with IC 50 values < 60 μg/mL compared with samples with low total phenolic content (< 200 mg GAE/g, IC 50 >60 μg/mL). The relationship between total phenolic content and antiradical activity of extracts was observed with statistically significant correlation (r = −0.79). The differences in radical-scavenging activities of extracts may be attributed to the variations of naringenin, apigenin and kaempferol contents. It has been reported that these flavonoids, as the main constituents of H. compactum, could be partially responsible for its antioxidant activity [7] .
Based on the total phenolic content and antiradical activity, samples 6, 11 and 12 were selected for investigation of cytotoxic activity on three human cancer cell lines (PC3, HeLa and K562). The results presented in Table 2 showed that sample 12 was the most active against K562 and PC3 cell lines with IC 50 values of 25.9 and 39.2 μg/mL, respectively. Sample 6 showed the lowest activity against these cell lines with IC 50 > 70 μg/mL. All samples exhibited moderate activity against HeLa cells, with IC 50 ranging from 41.9 to 42.1 μg/mL. It can be noticed that cytotoxic activities of samples 11 and 12 against PC3 and K562 cell lines were in positive correlation with their antiradical activity (r = 0.88 and 0.94, respectively). Statistical analysis of the cytotoxic activities revealed the presence of significant negative correlation between total phenolic content and cytotoxic activity against PC3 and K562 cell lines (r = -0.98 and -0.99, respectively), indicating that antioxidants could play a key role against these cancer cell lines due to their ability to remove reactive oxygen species which cause cell damage. According to these results, the varied cytotoxic activities of selected samples may be attributed to the difference in the concentrations of flavones in each sample since many studies have suggested that antitumor potentials were closely associated with polyphenols [8a,b] . The main constituents of the tested Antioxidant and cytotoxic activity of Helichrysum plicatum Natural Product Communications Vol. 6 (6) 2011 821 extracts were glycosides of naringenin, apigenin, quercetin and kaempferol, followed by chlorogenic acid, and a chalcone derivative. Also identified were the aglycones naringenin, apigenin and kaempferol. Since it is suggested that dietary flavonoid glycosides are absorbed as their aglycones after deglycosylation along the digestive tract [9] , the three major aglycones, namely naringenin, apigenin and kaempferol, were quantified by HPLC, and the results are summarized in Table 3 .
Among the analyzed extracts, sample 12 contained all three flavonoids in higher amounts than the other samples. Assessment of cytotoxic activity of these compounds ( Table 2) revealed that kaempferol was the most active against K562 and PC3 cells, while apigenin showed the highest activity against HeLa cells. Naringenin was found to be a weaker cytotoxic agent than the other two tested flavonoids. According to our results, it could be assumed that the stronger cytotoxic activity of the extract (as shown for sample 12) might be due to its higher content of kaempferol and apigenin, compounds identified as potent cytotoxic agents. On the other hand, sample 6 contained the lowest concentration of these flavones, and thus exhibited a lower cytotoxic activity.
In conclusion, the results obtained in the present study demonstrate potent antiradical and cytotoxic properties of several H. plicatum flower extracts, thus indicated that this plant species could serve as a good source of antioxidants with potential beneficial effects on human health. 
Experimental

General extraction conditions:
Flower heads of H. plicatum were extracted with aqueous ethanol by triple percolation, at room temperature. The ratio between plant material and solvent was 1:5, w/v. The water-ethanol extract was concentrated under reduced pressure at 80°C, to ⅓ of its volume. After cooling at 8°C, the water extract was decanted and re-extracted with ethyl acetate-ethanol (EtOAc-EtOH). The EtOAc-EtOH extract was evaporated in vacuum at 60°C to obtain a yellow-orange dried extract. Extraction conditions for each sample are described in Table 1 .
Determination of total phenolics:
The total phenolic content was estimated by the Folin-Ciocalteu method, as described by Singleton and Rossi [11a] , with slight modifications. Briefly, 200 μL of extract (0.2 mg/mL) was added to 1 mL of 10 fold diluted Folin-Ciocalteu reagent. After 4 min., 800 μL of sodium carbonate (75 g/L) was added. After 2 h of incubation at room temperature, the absorbance at 765 nm was measured. Gallic acid (0-100 mg/L) was used for calibration of a standard curve. The results were expressed as mg of gallic acid equivalents per g dry weight of plant extract (mg GAE/g dw). Triplicate measurements were taken and mean values were calculated.
DPPH radical scavenging activity:
The free radical scavenging activity of selected samples on the stable 1, 1diphenyl-2-picrylhydrazyl (DPPH) radical was carried out according to the procedure described previously [11b], with slight modifications. The antiradical activity of each extract was evaluated using a dilution series, in order to obtain a large spectrum of sample concentrations. Extracts (100 µL) were mixed with 1400 µL of 80 μM methanolic solution of DPPH. Absorbance at 517 nm was measured after 20 min. The percentage of inhibition was calculated using the equation: Final concentrations applied to target cells were 100, 50, 25, 12.5, and 6.25 μg/mL, except to the control wells, where only nutrient medium was added. Nutrient medium was RPMI 1640 medium, supplemented with L-glutamine (3 mM), streptomycin (100 μg/mL), and penicillin (100 IU/mL), 10% heat inactivated (56˚C) fetal bovine serum (FBS) and 25 mM Hepes, and was adjusted to pH 7.2 by bicarbonate solution. The cultures were incubated for 72 h.
The effect of compounds on cancer cell survival was determined by the MTT test 72 h after the addition of extracts/compounds [12] . Briefly, 20 µL of MTT solution (5 mg/mL PBS) was added to each well. Samples were incubated for a further 4 h at 37°C in 5% CO 2 and humidified air. Then, 100 µL of 10% SDS was added to extract the insoluble product formazan, resulting from the conversion of the MTT dye by viable cells. The number of viable cells in each well was proportional to the intensity of the absorbance of light, which was measured in an ELISA plate reader at 570 nm.
Statistical analysis:
Statistical analysis was performed using the statistical software package Statistica, version 7.0. Correlation coefficients (r) were calculated from linear regression analysis at p<0.05 level of significance.
